Abstract Currently, study of the inter and the intra-population genetic disparity was done by use of the 200 Olea europaea L. which is found growing naturally in the nation of Iran, and this study was carried out by AFLP and IRAP markers. The fingerprints that were similar to the AFLP and the IRAP markers were evidence of high concentrations of heterozygosity and this shows that O. europaea L. is primarily the out crossing species. The average percentage of polymorphism is as shown below:
Introduction
Olea europaea, commonly known as Olive, is one of the most popular tree crops in the agricultural Mediterranean basin. This may be attributed to the high social and financial importance that comes along with it. The wealth of the grown olive germplasm is not very common in plants due to the life span of the trees and the lack of turnover with the invented breeding genotypes (Barranco et al. 2005; Bartolini et al. 2005; Baldoni and Belaj 2009 ). Some of the factors that lower their genetic diversity in comparison to their wild counterparts are their inability to withstand the extravagance of the developed germplasm (Lumaret et al. 2004; Breton et al. 2006; Belaj et al. 2010) , and this is evidence that the last ones may develop the genetic basis of the grown material.
Truly, majority of the studies have concentrated on looking at the difference between the developed and the naturally growing olives (Baldoni et al. 2006; Breton et al. 2006; Belaj et al. 2007; Erre et al. 2010) . They are also focusing on coming up with the generic associations in the different O. europaea subspecies that may be found outside of the Mediterranean region (Besnard et al. 2001; García-Verdugo et al. 2010) . Due to the late growth in DNA inventions, a majority of these studies have been done by molecular markers and the SSRs are the most commonly used. Even so, ignoring the disadvantages of the regular morphological features, for instance natural effects, the requirement for a wider view of grown plants, SSR markers, and the combined usage of the morpho-agronomical features may provide the opportunity to abuse the essence of these two strategies in studying the genetic diversity of naturally growing olive trees (Karp et al. 1997; Sorkheh and Khaleghi 2016) .
It has been largely known that the bias on olive cultivar founded on morphological representations cannot be relied on (Belaj et al. 2002 (Belaj et al. , 2007 (Belaj et al. , 2011 and in this regard the DNA molecular markers, precisely microsatellites, that is, the SSRs, are very commonly used today so as to add to the morphological studies and to explicitly acknowledge the increases held in collections (Bracci et al. 2011; Noormohammadi et al. 2014; Sorkheh and Khaleghi 2016) .
There have been various accounts on genetic variation in the olive clone's studies that have been done with molecular markers. The clones were acknowledged by use of RADP and ISSR (Gemas et al. 2004; Gomes et al. 2008; Martins-Lopes et al. 2009 ) also with AFLP (Frane et al. 2010) and last with microsatellites (Lopes et al. 2004; Muzzalupo et al. 2010; Zaher et al. 2011; Albertini et al. 2011; Ipek et al. 2012; Marra et al. 2013; Noormohammadi et al. 2014; Caruso et al. 2014; Abdessemed et al. 2015) .
Even though there are ongoing studies to come up with dependable means of differentiating the mutation in genes, acknowledging a clone is still reliant on the study of phenotypic features that are associated with molecular studies. Breeders are coming up with genetic relationships genotypes and phenotypic information (Klocke et al. 2002) . Iran happens to be one of the nations that are very rich in olive germplasm (Shahriari et al. 2008; Sorkheh and Khaleghi 2016) and as a result explaining and sorting this germplasm is a fundamental step in the picking and reproduction of olive populations. Due to this, effective use of genetic resources in plant growing ventures needs more knowledge in genetic diversity.
In the current research, AFLP and IRAP studies were used to evaluate the genetic disparity of O. europaea populations with the aim of using them in breeding projects and also in the preservation administration of the germplasm in Iran.
Materials and methods

Plant material
Here, 200 trees in the 20 groups of grown olives were studied and they were acquired from four countries, namely Abosatl (Syria), T5 (unknown), Dezfoli (Iran), Mishen (USA), Masabei (Syria), Conservolia (Europe), Kaeisei (Europe), Kaylit (Europe), T21 (Europe), Khoseari (Syria), Zard (Iran), Roghani (Iran), T7 (Europe), Manzanila (Europe), Kavi (Syria), T2 (Europe), Balidi (Syria), Mari (Syria), Foji (Europe), and Koroneiki (Europe). Ten of these individual represented each nation. The entire samples were taken from olives which were 5-10 years old (for more details see Table S1 ).
AFLP analysis
The amplification of PCR as well as the product electrophoresis AFLP assays was done as the procedure described by Zabeau (1993) and Vos et al. (1995) . But there were some small improvements in regard to olive acquirements as stipulated by Sorkheh et al. (2007) . The entire 20 primers were synthesized by use of MWG (Germany) (Supplementary Table S2 ). About 6 ll of 50 ng genomic DNA was digested with MseI and PstI in 10X buffer where as an MseI and PstI adapter were subsequently ligated to the digested DNA fragments. The arrangement of the adapters and the adjoining limited sites played the role of binding sites so as to amplify the picked fragments.
A certain population of fragments was amplified from the reaction mixture and this was done by adding nucleotides to the 3 0 ends of the primers in two steps as stipulated by Sorkheh et al. (2007) . In the first phase, one nucleotide was added in the initial amplification while three of them were added for the second amplification. DNA was PCRamplified for 26 cycles using 5 ll of template DNA and ?1 primer (MseI ?1 and PstI ?1). As for the PCR condition according to Soorni et al. (2013) and Sorkheh et al. (2016b) were as follows:
• A first denaturation step was done at 94°C for 2 min. 26 cycles were run at 94°C for 60 s, 65°C for 60 s, 72°C for 60 s, and one last extension step of 5 min at 72°C.
• The second amplification step used ?3 primers (MseI ?3 and PstI ?3). The DNA template for the second amplification step was the PCR product that was done by the initial phase. DNA was amplified for one cycle at 94°C for 30 s, 65°C for 30 s, and 72°C for 60 s, then for 12 cycles with a 0.7°C annealing temperature decrease per cycle, and last for 23 cycles at 94°C for 30 s, 56°C for 30 s, and 72°C for 60 s.
• The products of the PCR after the second denaturing were mixed and denatured using an same volume of loading buffer which comprised of 98% formamide, 10 mM EDTA, 0.05% Xylene cyanol, 0.05% Bromophenol blue. It was then warmed for 5 min in 94°C, frozen on ice then 6 ll of denatured preparation were put on per warmed (50°C) polyacrylamide sequencing gels (Gibco BRL, model S2) which had 7 M urea in 1 urea in 1X TBE buffer run for 1.5-2 h at 100 W up to a point where the forward running dye (Bromophenol blue) reached the end of the gel.
As it had been earlier stated by Bassam and CaetanoAnollés (1993) , the bands of DNA were seen by use of a silver staining. The AFLP bands which were in varying lengths of 67-501 bases were noted as present using (1) or absent using (0).
IRAP analysis
28 of the IRAP primers were evaluated for formal amplification as shown in supplementary Table S4 . This amplification was done inside in thin-walled microcentrifuge tubes using thermocycler (iCycler, Bio Rad Co., USA). Reaction volume of 20 ll was composed of 2 ll 10X buffer (100 mmol L -1 Tris-HCl pH 9, 500 mmol L
KCl, 20 mmol L -1 MgCl 2 and 0.1% Triton X-100), 1 unit Taq polymerase, 200 mmol L -1 of each dNTP, 30 nmol L -1 primer, and 20 ng DNA template. Each reaction mixture was overlaid with 10 lL mineral oil. A negative control reaction, whereby the DNA template was skipped, was then put in all the PCR run so as to make sure that there was no instance of self amplification and even DNA pollution. This amplification of DNA was done following the steps stated by Sorkheh et al. (2016a) and they were as follows: 4 min at 94°C, 1 min at 36°C, and 2 min at 72°C for one cycle; 1 min at 94°C, 1 min at 36°C, and 2 min at 72°C for 40 cycles; and 1 min at 94°C, 1 min at 36°C, and 10 min at 72°C for one cycle. Amplified PCR products were electrophoresed through 1.5% agarose (Roche Co., Germany) stained with Safe stain (SinaClone, Iran) in TBE buffer and photographed under UV light, by a Gel Doc system (UVP, Bio Doc Co., USA).
Data analysis
In all the AFLP and the IRAP that were used in form of a character the presence or absence of the allele was scored in binary code. In the genetic association research, only independent, reproducible, and properly resolved AFLP and IRAP were noted as either present or absent and from the band scores that were noted, an information matrix was done.
GS was then evaluated in the entire groups of accessions by use of scorable fragments of AFLP and IRAP markers. By clustering the information then UPGMA (unweighted pair group method with arithmetic average), a dendrogram of genetic association was produced. After this, the Cophenetic relationship was evaluated, and the Mantel test (Mantel 1967 ) was applied to determine the suitability of the cluster evaluation to the similarity matrix where it was employed.
Simple matching similarity (SM) was employed for more comparison with the results that have been stated by previous studies. All this was done using the help of the NTSYS-pc 2.02 software package (Rohlf 1998) . A bootstrap study using 1000 replicates was conducted to evaluate the relative support for the various groups and the steadiness of the dendrogram by use of the TREECON program verison 1.3 as stated by Van de Peer and De Wachter (1994) .
The data content of each single marker was noted as PIC i = 1 -P p i 2 , where p i is the frequency of the ith band. The average PIC (polymorphic information content) was then evaluated for the IRAP and the AFLP markers in all assay units and this was done by using the formula stated above. This formula was invented by Powell et al. (1996) .
Each single DNA fragment that was seen in the gel was taken to be a distinct prevailing locus. The polymorphic bands that had a high intensity were scored. Singly, a marker was recognized using the primer combination and the band number as suffix. The data matrix did excluded markers in that had a molecular weight of less than 100 bp thus they were removed from it. The polymorphism information content (PIC) was the one that was used to evaluate the discrimination power of each AFLP and IRAP. Within-accession diversity (HS) and total gene diversity (HT) (Nei 1973) were calculated within the species and major groups using the POPGENE software. The markers, monomorphic and polymorphic, were used to make the calculations. In conclusion, analysis of molecular variance (AMOVA) was used to differentiate total genetic variation among and in between population following Excoffier et al. (1992) . The percent of polymorphism, the observed (Na) and effective number (Ne) of alleles, and Shannon's information desk (SI) were calculated. Population differences were then found out per statistics using the tests made by the students. Those that looked alike genetically within populations were approximated by Nei's pair-wise genetic distance (D) and genetic identity (I) (Nei 1987) ; these calculations were made using the GeneAlex ver 6.5 using 1000 permutations (Peakall and Smouse 2006) .
There was a tool used for population genetic analysis, (Pritchard et al. 2000 (Pritchard et al. , 2010 called the Markov chain Monte Carlo (MCMC) , that was used to analyze the population structure., following the steps that were provided and described for the dominant markers by Falush et al. (2007) when used both admixture and no admixture models and go to the optimal number of cluster (K) thought determination of posterior log likelihood.[In (K)] and second order rate of change in the likelihood function (DK) as suggested by Evanno et al.(2005) . The structure program was then run at preferred values with a burn in period of 100,000 and a MCMC model with repetitions.
Results
AFLP analysis
The level of polymorphism in the 23 AFLP primers was evaluated in the 200 O. europaea L. accessions. The methods of variability were studied as shown in Table S3 . 1090 amplification fragments were seen and roughly 47.39 fragments/AFLP and also fragment sizes that had sizes ranging from 80 to 126 and sizes of 65-101 bp. These finding are in line with other studies that have been carried out earlier (Sorkheh et al. 2007 (Sorkheh et al. , 2016b Russi et al. 2009; Rahimmalek et al. 2009 ).
In the current research, 940 bands were polymorphic with an average polymorphism of 87.15% with 40.86 bands/primer combinations and this was more than the study conducted by Russi et al. (2009) and Rahimmalek et al. (2009) in Echinacea and Achillea, respectively. The notable disparity in this research may be attributed to accessions, the various locations, and the used primer combinations. These findings were evidence that the AFLP method can yield results and it is also economical and joins the reliability of RFLP and the power of PCR (Vos et al. 1995) .
The amplified band ranges were as follows: from 24 (for M-CCT ? P-GGA primer combination) to 78 (for M-G ? P-AAC primer combination). M-CAC ? P-GCA, M-CAG ? P-GTA, M-GAG ? P-ACC, M-GCA ? P-AAC, M-GTC ? P-AAC, M-CCT ? P-GGA, and M-CGA ? P-GTT primer combination showed the highest 44, 55, 35, 43, 24 , and 42 polymorphic bands with 100% polymorphism. Polymorphism information content (PIC) varied from 0.68 (for M-GCA ? P-AAC primer combination) to 0.94 (for M-GTC ? P-AGC primer combination) with an average of 0.81.
The pair-wise genetic resemblance that was noted in regard to the proportion of shared fragments from 0.06 to 0.70 shows that there was quite some distance and disparity in and between the populations. As it had been stated earlier, these high genetic distances are characteristics AFLP in the sense that they are able to come up with high levels of diversity. This can be confirmed more so among close associates of inter-breeding species where there is a high likelihood of a reticulate evolution occurrence. When the right statistical tools are employed (Yeh and Boyle 1997) AFLPs can also serve the purpose of assessing the genetic structure and the differentiation in and between the species and populations (Sorkheh and Khaleghi 2016; Sorkheh et al. 2016a, b) .
The UPGMA cluster study showed the genetic associations in and between the populations. The CCC (cophenetic correlation coefficient) showed a high correlation of 0.94 linking the similarity matrix and the cophenetic matrix (CM). All these were acquired from the UPGMA dendrogram, and it is evidence that there is a proper representation of the molecular associations between the genotypes.
The CCC is regarded as a very ideal representation of the information matrix in the dendrogram, that is, if it is beyond 0.90 (Romesburg 1990) . The dendrogram clearly distinguished all the accessions into three key clusters as shown in Fig. 1 . Here, the bootstrap values fully back the three clusters. The first key cluster has the accessions from Syria which is group 1. This key cluster that was supported in majority of the cases with values exceeding 78% was evidence that T5 with an unrecognized location could be from Syria. Group 2 had accessions from Europe and the third group had accessions from Iran and the USA. This third group had a bootstrap value exceeding 67%. In general, the accessions were divided in regard to the populations and the sites that they were collected from. Those with similar features were grouped together. Due to this, the similarity matrix and the cluster study showed a high genetic variation on each population that had distinct geographical locations.
There was a very high genetic diversity from the populations acquired from Iran and the USA by use of the Shannon's Information Index. The populations from Iran were (H = 0.2730.20, I = 0.401) and those from Syria which were the lowest too were (H = 0.24, I = 0.37) ( Table 1) . When the AMOVA procedure was carried out, the within-population molecular variation showed a high genetic variation of 58% and the within populations was 42% such that the accessions acquired from Iran had the most variable intra-population diversity as shown in Table 2 .
IRAP analysis
From the prescreening assays with two O. europaea L. accessions by use of 28 IRAP primers, 8 primers brought about bright polymorphic products that were incorporated in further studies. Table 2 shows the findings of the IRAP fingerprinting of the 200 researched accessions by use of eight primers. These eight primers are responsible for the amplified polymorphic products and represented polymorphism in all the accessions and the quantity of bands detected was 119, but that number was varying from 11 (LTR6150-Sukkula) to 24 (Sukkula-Sukkula) with an average of 14.88 bands per primer with size of 200-800 bp.
The total of separable bands were 105 and ranged from 8 (LTR6150-Sukkula) to 22 (Sukkula-Sukkula) with an average of 13.13 per primer.
In the current research, it was seen that the average polymorphism was 87.38% and that two primers, SukkulaNikita and Sukkula-3 LTR, represented 100% polymorphism. In the germplasm that was studied the average PIC value was 0.87 starting from 0.62 (30 LTR-LTR6150) to 0.97 (5 LTR2-Sukkula primer), and the average value for MI was 76.54 starting from 51.67 (3 LTR-LTR6150) to 93.00 (Sukkula-3 LTR). Out of the eight primers, seven of them had a PIC value higher than 0.74. Due to the high polymorphic value of the studied band, it was possible to differentiate the genetic variation among and between populations.
Relying on the findings that were found by the IRAP markers, a similarity matrix was employed to come up with a UPGMA dendrogram as shown in Fig. 2 . The CCC between the initial similarity matrix and the CM that was acquired from the UPGMA dendrogram was found to be very high at about 0.96, and this is evidence that there is a good fit of the similarity matrix and the dendrogram. There were three key clusters that were shown by the dendrogram in the group 1 of Syria, group 2 of Europe that had 100% bootstrap, and also group 3 that was inclusive of Iran and the USA. The separation of the accession by the locations in which they were acquired was similar to the diagram acquired from the AFLP markers. More so, the accessions were separated according to their populations and the locations sites then put in the same subgroup. The genetic disparity in the populations by the use of Shannon's Information index (I) and the Nei's gene diversity index (H) produced the greatest genetic diversity from the accessions acquired from Syria (H = 0.25, I = 0.43) and the minimal from those in the USA (H = 0.29, I = 0.24 (Table 3 ). The AMOVA represented the genetic variation among the populations as 49% but the difference in the populations was at 51% only as represented in Table 3 .
Discussion
The principal discussion behind the study of the O. europaea L. in this research was that despite the variety of this crop being high in Iran, there was very minimal information about it. The current research brought to surface a very high concentration of the O. europaea L. in regard to the AFLP and the IRAP marker. In total, 940 and 105 polymorphic bands with 87.15 and 87.38% were differentiated by the AFLP and IRAP in the researched species. Yu et al. (2009) detailed 65 polymorphic bands among the accessions of Leonurus japonicus by the AFLP. In addition, Chen et al. (2009) stated that 117 polymorphic bands among L. japonicus populations by ISSR marker, confirming that there is indeed a broad genetic difference in our germplasm. Also, the findings of the study can be depended on with previous discoveries showing the broad genetic bias of olive germplasm (Zohary and Spiegel Roy 1975) . It has also been confirmed that got with isozymes (Pontikis et al. 1980; Ouazzani et al. 1993 Ouazzani et al. , 1995 Trujillo et al. 1995) , with RAPDs (Fabbri et al. 1995) and with AFLP markers (Angiolillo et al. 1999) .
Grouping relying on these two markers separated the accessions into three key groups such that the data set by these two markers were similar and it is as if that the two genetic markers could separate promotions at similar genetic levels. UPGMA dendrograms show that the accessions from Iran are the most distinct from the rest in regard to molecular information. The explanation of this maybe its location despite the fact that it has certain morphological characteristics when likened to other populations, for instance, leaf shape, leaf width, leaf length, stone width, stone length, stone shape index, fruit width, fruit length, fruit shape index (Sorkheh and Khaleghi 2016) . The dendrogram shows that there is indeed a close association between the researched populations.
The estimated correlation between matrices of AFLP and IRAP data (r = 0.83) showed a good relationship between these information. These markers show certain regions of the nuclear genome and study polymorphism in these certain locations. By this, it can be seen that the recorded areas by AFLP markers has coordinate correspondence with data presented by IRAP. There are some researches of crops with a good relationship between molecular information data (Landry et al. 1994; Shimada et al. 1999; Horvath et al. 2008) .
The dendrogram that relies on incorporating the information of the two markers acknowledges the considered populations in reference to the results that were acquired from each. The advantage of these joined datasets was a comprehensive taxonomic picture due to the fact that each is a representative of a distinct level of taxonomic separation and the confirmed view as seen by Sneller et al. (1997) in this particular situation. Last, due to the transfer and the polymorphism of majority of these markers, the authors suggested that the AFLP and the IRAP primers to be enough in the O. europaea L. populations and any associated species. In addition, this result will be an important resource for the future of breeding and the methodologies for operation, for example, foundation and study of seed plantation, evaluation of controlled crosses, and clonal spread and dispersal. a The olive accessions from four origins including Iran, Syria, USA, and Europe with 10 individuals representing each region. All the samples were collected from young orchards composed of 5-to 10-year-old olive trees (see Table 1 ) b Significance of variance component expressed as the probability of obtaining a more extreme random value computed from nonparametric procedures (1000 data permutation)
Conclusion
The study of AFLP and IRAP profiles in the group of 200 accessions of O. europaea L. germplasm showed a broad genetic difference in the Iranian olive germplasm and a clear structure of genetic variability can be seen between those cultivars. This new information is very essential for opening extensive horizons and the growth of new kinds with developed chemical and horticultural features.
